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Abstract 
The studies described in this thesis focus on applying middle-sized acenes 
(anthracene and tetracene) as effective building blocks to create novel organic 
semiconductors, with emphasis on their applications in organic thin f i lm 
transistors. Both covalent and noncovalent strategies have been used in molecular 
engineering of tetracene and anthracene. In Chapter 1, the background of organic 
semiconductors and thin fi lm transistors are introduced and organic 
semiconductors based on anthracene and tetracene are reviewed. In Chapter 2, the 
attempts of tuning the molecular packing of acenes with H-bonds are described as 
a noncovalent strategy for organic semiconductors. Chapter 3 focuses on the 
synthesis, assembly, polymerization and thin films transistors of macrocyclic 
anthracene. Herein, the covalent strategy is utilized to build up the anthracene-
based macrocycle for organic semiconductors. Although this cyclic-bis(l,8-
diethynyl-anthracene) was firstly synthesized half a century ago, the study appears 
to be the first time for its soluble derivatives and electronic properties to be 
investigated. Thin films from this conjugated macrocycle molecule function as 
transistors showing not only field effect but also photo effect. The research present 
in Chapter 4 focuses on synthesizing soluble anthracene-based macrocycle as 
solution processed organic semiconductors. Alkoxy chains are introduced to the 
macrocycle core to increase the solubility. The assembly of the alkoxylated 
macrocycles in liquid crystal is also reported. 
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Chapter 1 Introduction 
1. OFET: introduction and working mechanism 
Organic semiconductors have been studied since the late 1940s, ‘ and have been 
applied to thin film transistors (TFTs)，^ sensors, ^ light-emitting diodes (LED), 4 
photovoltaics^ and electrochromic devices. Organic compounds are more suitable for 
low-cost, flexible and large area electronic materials of semiconductors compared to 
traditional silicon based inorganic semiconductors because organic semiconductors are 
inherently flexible and can be processed at or close to room temperature on plastic 
substrates over large areas. Moreover, various functionalities are allowed by molecular 
design and synthesis. Their unique characteristics offer promising applications of organic 
semiconductors in flexible, lightweight and low-cost electronics devices, such as flexible 
solar cells, flat display screens and low cost intelligent identification tags, which have 
already attracted interest of the industry and opened ways to practical applications. 
Although some intrinsic properties of organic semiconductors can yield potential 
applications for flexible organic electronics, organic semiconductors can not replace the 
silicon based inorganic semiconductors, because of the poor performance in organic 
semiconductors determined by electron structures. The silicon based semiconductor has 
its merits that cause high device density, speed, and stability.^^ In the industrial 
processing, the entrenched technology that is used to fabricate high performance 
semiconductor devices based on inorganic semiconductors costs more than technologies 
for organic semiconductors such as the printing, stamping, casting and rapid sublimation 
or thermal transfer. However, the fast development on new structures, morphology of the 
semiconductor layer, modification of the dielectric layer and new technologies for 
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electronic devices will accelerate the industrial application based on organic 
semiconductors. 
Figure 1-1 shows a standard organic field effect transistor (OFET) with fundamental 
components including electrodes (i.e., gate, drain, and source electrodes), a dielectric 
layer, and a semiconducting layer. Two device configurations, top contact and bottom 
contact, are usually applied in OFETs as shown in Figure 1-la and 1-lb. Typical I-V 
characteristics of OFETs are shown in Figure 1-lc and 1-ld, which are used to calculate 
the field effect mobility and other device parameters such as the current modulation (the 
ratio of the current in the accumulation mode over the current in the depletion mode, also 
indicated as lon/IofT ratio), and the threshold voltage V j } ^ Organic semiconductors can be 
sorted by different charge carriers in organic semiconducting layer: p-type (major charge 
carriers are holes); n-type (major charge carriers are electrons). Organic transistors 
usually work in accumulation mode due to the low density of free charges in organic 
semiconductors. When no voltage is applied between the gate and the source electrodes 
(Vg=0), Ids is usually very low in this off state as long as the organic semiconductor is 
not highly doped. When the gate electrode is biased negatively, they cooperate in the 
accumulation mode and a large concentration of carriers (holes in p-type) is accumulated 
in the transistor channel, resulting in low channel resistance (on state). Herein, the 
dielectric layer is analogous to a capacitor in charging. The common mobility mentioned 
in this thesis is calculated from the saturation region from the plot. The equation can be 
described as |lDs|=(WCi/2L)|iFET(VG-VT)^, where IDS is the source and drain current, i^ FET 
is the field-effect mobility, VG is the gate voltage, VT is the threshold voltage, W is the 
channel width, L is the channel length, and Cj is the capacitance per unit area of the 
2 
dielectric layer. The key parameter )LIFET can be easily calculated in transport plot, in 
which the slope of |ID|"2 versus VG is equal to the square root of (WCi/2L) |LIFET. 
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Figure 1-1 OTFT device configurations and output curve and transport characteristics for 
a device: (a) Top-contact device, with source and drain electrodes evaporated onto the 
organic semiconducting layer through a mask, (b) Bottom- contact device, with the 
organic semiconductor deposited onto the gate insulator and the prefabricated source and 
drain electrodes, (c) Output plot of a drain current ID versus drain voltage VD at various 
gate voltages VG. (d) Transport plot of a drain current |ID|"2 versus VG. 
2. Organic semiconductors based on anthracene for OFETs 
The ultimate success of OTFTs for large-area, flexible, and low-cost electronics 
requires developing organic semiconductors that allow (1) efficient charge transport, 
which is characterized as high field effect mobility; (2) solution-based processing for 
low-cost fabrication; and (3) good operational stability of devices under ambient air, 
moisture, and light exposure. 
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Acenes have been chosen as the subject of intense study on organic semiconductors in 
the past decade. Anthracene and tetracene are considered as middle-sized acenes, while 
pentacene, which is a benchmark of organic semiconductors, is a large-sized acene. 
Anthracene, having three linear-fused benzene rings, is a transparent crystal and adopts 
an edge-to-face "herringbone" arrangement in solid state. The longest wavelength 
absorption of anthracene is at 360nm and when exposed to ultraviolet irradiation of 
365nm, its solution emitted blue fluorescence and the quantum yield is 0.367 Anthracene 
has a good solubility towards common organic solvents, such as hexane (1.64g/L), 
chloroform, methanol (0.91g/L) and etc. No FET behavior is found in anthracene itself, 
but some of its derivatives have been reported as environmentally stable organic 
semiconductors and successfully applied in OFETs. Tetracene, having four fused benzene 
rings, can form tabular orange crystals by vapor growth with oxidation potential 720mV 
o 
and biggest longest wavelength aborption at 474nm. It can photodimerize at C5 and C12 
yielding [4+4] cycloaddition products in solution and then further oxidize to tetraquinone 
in air easily. Although the poor stability of tetracene in solution is found, its solid state 
shows the stability towards photo irradiation and oxygen to some extent. Tetracene shows 
the solubility in organic solvents, such as dichloromethane, chloroform, but extended 
conjugated aromatic benzene rings and its rigid structure lower its solubility than 
anthracene. The successful application of tetracene single crystal devices attracts further 
studies on tetracene based organic semiconductors. Pentacene, having five linear-fused 
benzene rings, is a purple crystalline powder. Its longest wavelength absorption is at 
578nm^ Pentacene shows a red fluorescence with a quantum yield of 8% in cyclohexane 
when exposed to ultraviolet irradiation. The poor solubility towards organic solvents is 
4 
due to its rigid structure. The pink color of its solution can be faded soon when exposed 
to oxygen. Pentacene is considered as the benchmark for organic semiconductors, but the 
poor solubility and stability limit its applications as commercial semiconductors. 
Anthracene based organic compounds are selected as building blocks in this thesis to 
build up organic field effect transistors, because of anthracene's high oxidation 
potential, 10 兀-surface，good solubility and environmental stability, which will cause the 
anthracene core be easily functionalized. 
The efficient charge transport, solution processing and environmental stability are key 
factors for designing new organic semiconductors. Although anthracene is not active in 
OFETs, but has been successfully used as subunits to build up environmentally stable 
organic semiconductors, A general strategy for anthracene based organic semiconductors 
is linking anthracene subunits with covalent bonds and the resulting 兀-extended 
conjugated molecules usually have higher energy level of HOMO to allow hole injection 
from metal electrodes. 
Recently, many research groups have reported applications of anthracene derivatives 
used for organic field-effect transistors. One of the simplest strategies to use anthracene 
as the subunit for organic semiconductors is just using the covalent bond to link 
anthrancene together (Chart 1). This covalent method can not only increase the 
intermolecular overlap of the 兀-兀 systems in the solid state but also avoid the chemical 
instability of the larger acenes. Meanwhile the X-ray diffraction analysis of the thin film 
suggests the molecules have a perpendicular orientation on the substrates. The hole 
mobility of these anthracene oligomers increased in the order la<2a<lb<2b, with the 
5 







Yamashita and co-workers reported the synthesis and characterization of a series of 
2,6-diarylanthracene (Chart 2).丨丨 Aryl groups were introduced to anthracene, which 
would afford efficient charge transportation systems. The different aryl groups such as 
Chart 2 
3 R 
/ ^ 4a R=H 
R 4b R=C6Hi3 
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thiophene and 4-trifluomethylphenyl rings as electron donating and accepting parts can 
allow different types of charge carriers to inject in, when applied to organic 
2 
semiconductors. The best mobility for 4a is 0.004 cm /(Vs)，on/off current ratio of 10 for 
a vapor deposited film. And 3 behaved as an n-type semiconductor with the electron 
mobility of 0.003cmV(Vs) on/off current ratio of lO、But the FET behavior of 3 was not 
observed in air. Different aryl substituents do not radically change the molecular packing 
in the solid state. However, they indeed have a profound effect on the electronic 
properties of materials. Another report done by Meng on the synthesis and 
characterization of 4a and 4b showed a significant improvement on the device 
performance by optimizing the deposition conditions. Varying the deposition 
temperature and the multiple-deposition method were used to achieve the best device 
performance, with the mobility of 0.06cmV(Vs), on/off current ratio of 10^  for 4a and of 
0.05cm^/(Vs), on/off current ratio of 1 f o r 4b. The addition of the alkyl groups cause 
critical changes on the morphology and molecular packing (from edge-to-face to face-to-
face), which dramatically improved the device performance. The stability was also 
improved, when the alkyl group is introduced. 
Following the success in 4a and 4b, Meng's group reported the synthesis and 
characterization on the new anthracene-based organic semiconductor of 5 as well (Chart 
I 2 
3). The mobility of the semiconductor was 1.28cm /(Vs), with the on/off current ratio of 




which is denser than that of pentacene. Meanwhile, devices of this semiconductor showed 
environmental stability and device repeatability. 
Another example was using acetylene as a linker to connect anthracene subunits in 
organic semiconductors (Chart The 兀 system is enlarged by ethynylene linkers 
between neighboring anthracene subunits, which provides pathways for charge carrier 
Chart 4 
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transportation. The mobility of 6 is 0.055cm^/(Vs), on/off current ratio of lO^,which is the 
best result so far for solution-processed anthracene based OTFTs. 
The other candidates such as thiophene oligomers which are good building blocks for 
organic semiconductors can be introduced to anthracene (Chart 5).'^ The synthesis and 




and on/off current ratio〉lO .^ The thin film peaks shown in the XRD spectra was similar 
to that in the single crystal. Therefore, the thin film exhibited highly ordered pattern. 
Good stability toward air made 7 become a promising candidate for future TFT 
applications. 
N-type semiconductors can be realized by functionalizing conventional p-channel 
cores with powerful electron-withdrawing and /or hydrophobic substituents. These 
electron-withdrawing parts on the anthracene core could tune the electron affinity to 
Chart 6 
O CN o 
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achieve air stability. The electron mobility of 8 was 0.03cm^/(Vs), on/off current ratio 10^  
in vacuum and 0.02cm^/(Vs) on/off current ratio 10^  in air. 
3. Tuning molecular packing of tetracene 
Tetracene and its derivatives have also been widely studied for application in organic 
field effect transistors. Tetracene adopts a herringbone packing in the solid state, which is 
a common packing motif in organic acenes. It is less stable than anthracene and 
decomposes at a low rate when exposed to air and light. Tetracene has been fabricated as 
9 
single crystal devices with the hole mobility as high as 1.3cm^/(Vs)'^ and 0.1cm^/(Vs)'^ 
for thin films. The theoretical calculation suggests the face-to-face interaction in acenes 
will enhance TU-TT interactions to further facilitate charge transport to improve the intrinsic 
mobility. Tuning the molecular packing of tetracene have been experimentally achieved 




9 R1=C1, R2=H 
10R1=Br , R2=H 
11 R1=R2=CI 
The halogen of tetracene disrupts the molecular packing and induces a shift from 
herringbone to face-to-face that is considered to be more efficient for charge 
transportation. Bao and co-workers showed an excellent work on mono-halo tetracene 
derivatives 9，10 and the dichlorotetracene 11. The mono-halo tetracene was not 
complete a face-to-face but a sandwich-herringbone arrangement (a pair of molecules 
adopt face-to-face interactions), while the dichlorotetracene 11 had a long range n-
stacking. The FET performance indicated that the mobility of 11 (1.6 cm^/(Vs)) on single 
crystal devices is higher than that found in 9 (1.4xlO''^cmV(Vs) ) from solution methods 
and 10 (0.3 cm^/(Vs) ) on single crystal devices. The FET performance of 11 in thin 






Further research on this halogenated tetracene 12 indicated that the halogen on 
tetracene can not only lower the HOMO to stablize tetracene core towards oxygen but 
also change the electric density on tetracene to allow a face-to-face stacking from ESP 
surface analysis. Tetrachlorotetracene 12 showed the face-to-face packing motif and 
four benzene rings of the tetracene backbone were not coplanar but adopted a "Z" shape. 
The single crystal field effect transistor was fabricated with the hole mobility as high as 
1.7cm^/(Vs), on/off radio 10—4 at room temperature. 
Another method to tune tetracene core from herringbone to face-to-face was using high 
electron-withdrawing groups to decrease electric density on one part of tetracene. The 
studies on 13a-d by Swager's group had proved that these tetracene derivatives adopted a 
slipped cofacial motif (Fighurel-2). And the optical band gap and cyclic 
voltammogram data also suggested potential applications of 13a-d in organic 
semiconductors. Bao's group completed the continued research using this method to 
design new organic semiconductors (Chart 14 and 15 showed the 2D bricklayer 
structure due to the molecular quadrupole interactions between conjugated tetracene 
backbones. These functionalized tetracene could make ambipolar OFETs with high 
motilities and good on/off radio. 
11 
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Figure 1-2 Packing diagrams of 13a-13d showing that the molecules stack in a slipped 








The Nuckolls' group has also reported another approach using dipole interactions to 
tune the tetracene packing^ From molecular design, two parts were involved in this 
molecule 16: electron-poor and electron-rich parts due to strong electron-withdrawing 







7i-stacking with alternating dipoles (Chart 10). The quinone 16 which had a face-to-face 
packing motif in the solid state had a mobility of 0.002 cm^/(Vs), with a great stability. 
The nature of a material frequently limits its processing. For example, insoluble 
organic compounds can only be processed through vapor or vacuum processes. The use 
of soluble materials with proper electronic properties allows large-area processing in roll-
to roll methods, which can effectively decrease the cost. As we known, the pathway of 
charge transport created in organic semiconductors especially in acenes mainly depends 
on the aromatic interaction. The strong n-n interaction will make carriers easier to 
transfer between neighboring aromatic parts. However, strong interactions between the 
conductive aromatic components usually lead to a low solubility. The common strategy 
to deal with this dilemma is the insertion of the solubilizing substituents such as the alkyl 
groups to insoluble organic semiconductors (acenes in this thesis). And the thermotropic 
liquid crystal shares same structural features, the rigid core surrounded with flexible 
chains. So the conjugated liquid crystals (LC) are currently viewed as a new generation 
of organic semiconductors because they bring order and dynamics.〗^ 
The studies on anthracene and tetracene based organic semiconductors are detailed 
in this thesis with covalent and noncovalent strategies of molecular engineering 
being highlighted. In Chapter 2, the attempts of tuning the molecular packing of 
acenes with H-bonds are described as a noncovalent strategy for organic 
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semiconductors. Chapter 3 focuses on the synthesis, assembly, polymerization and 
thin films transistors of macrocyclic anthracene. Herein, the covalent strategy is 
utilized to build up the anthracene-based macrocycle for organic semiconductors. 
Although this cyclic-bis( 1,8-diethynyl-anthracene) was firstly synthesized half a 
century ago, the study appears to be the first time for its soluble derivatives and 
electronic properties to be investigated. Thin films from this conjugated 
macrocycle molecule function as transistors showing not only field effect but also 
photo effect. The research present in Chapter 4 focuses on synthesizing soluble 
anthracene-based macrocycle as solution processed organic semiconductors. 
Alkoxy chains are introduced to the macrocycle core to increase the solubility. 
The assembly of the alkoxylated macrocycles in liquid crystal is also reported. 
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Chapter 2. H-bonded Acenes- An Approach to Self- assembled Organic 
Semiconductors 
2.1 Introduction 
As indicated by theoretical study, the geometry of n-n interactions is essential to 
1 2 
electronic and optoelectronic applications of conjugated organic materials. Oligoacene, 
such as pentacene and tetracene, offers remarkable potentials as active elements in 
organic thin film transistors (OFETs).^ Face-to-face stacked geometry is believed to 
provide the largest and the most efficient Ti-orbital overlap*. The single crystal structure 
of tetracene ^ shown in Figure 2-la illustrates the edge-to-face "herringbone" 
arrangement, which is the common packing pattern of unsubstituted acenes. And the FET 
study on tetracene shows that the hole mobility is higher than O.lcm^V's'' with excellent 
on/off current ratio (10^).^ Supramolecular motifs have been reported to tune the n-n 
interactions of tetracene in order to change the molecular packing in solid state from 
edge-to-face mode to face-to face mode. As shown in Figure 2-1 b, tetracenediamide is 
designed with H-bonds^ as a noncovalent strategy to tune the 兀-兀 interaction between the 
neighboring tetracene subunits. This design equips tetracene backbone with amide 
groups for the formation of H-bonds and alkyl groups for a better solubility. 
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Figure 2-1: Crystal Structure of tetracene and the design of tetracenediamide. 
2.2 Result and discussion 
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^ ^ C C C O c ^ ^ 
o 丫 NHFI COOH ^ ^ 




Scheme 2-1 Retrosynthesis of tetracene diamide. 
Shown in Scheme 2-1 is the retrosynthesis of tetracenediamide in two ways. Due to 
lack of direct ways to functionalize tetracene at C5 and CIdihydrotetracene 2.12^ was 
used as the starting material. The first route is to use tetracene diacid 2.15 as the 
precursor, and the second one is to use the 5,12-dihydrotetracene-5,12-dicarboxylic 
amide as the precursor. The main difference between two ways is when to oxidize the 
dihydrotetracene to tetracene, the first one is at the beginning; the second one is at the 
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end. In this chapter, all the discussions are based on the first route, which means to 
oxidize the didydrotetracene at first. 
The halogenation and lithium-halogen exchange are practical synthesis methods in the 
organic chemistry. The major part in this synthesis route is based on selective 
bromination and using lithium-halogen exchange to introduce the carboxylic acid groups. 
Dibromotetracene 2.12 was previously synthesized by direct bromination of tetracene by 
NBS or CuBr2, but products were either the mixture of 5,11-dibromo-tetracene and 2.14*® 
or the 5,11 -dibromotetracene. ‘ ‘ The intermediate product 9,12-dibromo-tetracene may 
have the potential to be applied to FET due to the high single crystal mobility of its 
OH O 
r f ^ V S rTVCHO ⑷ (b) 




COOH Br f Br 
I I D 丁 丁 
COOH Br Br 




Scheme 2-2 Synthesis of 2.14 and the designing synthesis route of 2.16 (a) KOH, ethanol, 
83%(b) LiAlH4, AICI3，THF, N2, reflux, 63%; (c) Brs, CH2CI2, 0。C，94%; (d) DDQ, 
toluene, N2, reflux, 86%; (e) •sec-BuLi，CO2, ether, N2, 75%. (f) many conditions had 
been tried in this reaction, but no pure 2.16 was isolated. 
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analog 1.6cm^V"'s"' for 5,11-dichlorotetracene and the of 5-
bromoanthracene'^. The substitution of chloro or bromo groups in tetracene gives rise to 
the change of molecular packing in crystal, which will have a substantial effect on carrier 
transport. Hence, as shown in Scheme 2-2, the two substituting bromo groups on 
dibromotetracene may have effect on tuning the deliberate packing between the 
neighboring tetracene as well. The aldol condensation was carried out between 1,4-
dihydroxy-naphthalene and o-phthalaldehyde to get tetraquinone 2.11. And two ways 
were designed to reduce the tetraquinone 2.11 to dihydrotetracene 2.12. As shown in 
Scheme 2-3, the reducing procedure could be done in one step by using LiAlH4 and 
AICI3 to directly reduce tetraquinone 2.11 to dihydrotetracene 2.12 or in two steps to 
firstly reduce tetraquinone 2.11 to diol 2.17 by using the common reducing agent such as 
LiAlH4 or NaBH4, and then reduced diol 2.17 to dihydrotetracene 2.12. The problems 
took place in the process of reducing diol 2.17 to dihydrotetracene 2.12. Several methods 
including the Zn/HOAc, SnCls/HCl and p-toluenesulfonic acid/EtsSiH had been tried, but 
they were not suitable for this reaction. Directly brominating dihydrotetracene 2.12 to 
dihydrodibromotetracene 2.13 had a high yield on the naphthalene ring due to the high 
electric density on the naphthalene ring. DDQ was applied to oxidize 
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Scheme 2-3The failure synthesis on reducing the tetraquinone 2.11 to dihydrotetracene 
2.12 (gi) NaBH4, THF, ethanol，reflux, 78%; (gs) LiAlH4, THF, N2，37.5%; (hi) Zn, 
HOAc, reflux; (hz) SnCb, HCI(conc.), THF; (h�）p-Toluenesulfonic acid, EtsSiH, CH2CI2, 
reflux. 
dihydrodibromotetracene 2.13 to 5,12-dibromo-tetracene 2.14. Lithium-halogen 
exchange followed by quenching with CO2 yielded tetracenedicarboxyIic acid 2.15. The 
solvent in this lithium-halogen exchange reaction was essential. When THF was used as 
the solvent, the reaction had a dramatically low yield comparing to the same condition 
with ether as solvent. The last step from acid to amide happened to fail after several trials, 
which were shown in Scheme 2-4. But my laboratory mate Zhixiong Liang had 
successfully synthesized this compound by using the other way of retrosynthesis'^ The 
possible reason for the failure of converting acid 2.15 to amide 2.16 is the tetracene core 
itself reacted with acyl chloride as evidenced by disappearance of characteristic proton 








严 C O C I CONHCgHia 
or g 
COOH ^ ^ ^ o COCI C〇NHC6HI3 
Scheme 2-4 The failure trials on the synthesis 2.16. 
In order to test whether H-bonds can tune the molecular packing of acenes, a smaller 
analog of tetracenediamide, anthracenediamide, was prepared as shown in Scheme 2-5. 
Lithium-halogen exchange followed by quenching with CO2 yielded anthracene 
dicarboxylic acid 2.21. The final amide 2.22 and 2.23 were synthesized by the reaction 
between acyl chloride and the corresponding primary amine. 
f C O O H C O N H R 
^ J y i ^ ^ 
B r C O O H C O N H R 
2.19 2.20 2 21 
二 " R1=Q>Hi3 2.22 
R2=Ph 2.23 
Scheme 2-5 Synthesis on the anthracene amide 2.22 and 2.23. (a) Br:，CH2CI2 74%; (b) 
”-BuLi，CO2, ether, N2； (c) (i) SOCI2； (ii) RNH2, CH2CI2，reflux. ’ 
Rectangular crystals of 2.22 were grown by slowly evaporating a saturated solution of 
2.22 in ethyl acetate. The crystal structure of 2.22 was solved and shown in Figure 2-2. 
Crystal structure of 2.22 clearly shows H-bonds between amide groups, which are out of 
the aromatic plane with N - H atoms on opposite sides. The H-to-0 distance between 
neighboring amide groups is 2.02A. The closest H-to-C and C-to-C distances between 
anthracene backbones are 2.99A and 3.56A respectively indicating a loose packing of 
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anthracene backbones in comparison with the herringbone packing of unsubstituted 
anthracene, which has the closet intermolecular H-to-C and C-to-C distances of 2.53人 
and 3.51 A respectively. 
.. i f 
Closet C-to-H: 2.53A Closet C-to-C: 3.51 A 
(b ) • Closet C-to-H: 2.99A 
o 丫 NHC6Hi3 , 、 、 
O ^ , 一 , / % % 
\ N H-bonding 、 
HtoO. 2 02A Closet C-to-C: 3.56A 
Figure 2-2 Molecular and crystal structure: (a) anthracene; (b) 7V;A^,-dihexyl-9’10-
anthracenediamide with amide groups highlighted as balls and sticks and the other parts 
displayed as fine sticks. 
Anthracenediamide 2.22 can form crystals of two shapes, rectangular plates and 
needles. The former was formed by crystallization from solution while the latter was 
formed by sublimation. The transition from rectangular crystals to needle-like ones was 
observed by using polarized light microscope equipped with a heating stage. When the 
rectangular crystal of 2.22 was heated to 280°C, it began to crush and formed the needle 
like crystals. After staying at 280°C for half an hour, then cooling down to room 
temperature, the whole crystal became crystalline needles. Such transition may be due to 
conformational changes of molecule that were allowed at higher temperature. However 
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no further details were available because the needle-like crystals were too thin to allow 
crystal structure to be resolved by X-ray crystallography. 
•省咽 
Figure 2-3 The polarized micrograph of the N，N -dihexyl-5,12-anthracenedicarboxamide 
2.22 in the transmission mode, (a) crystallized from ethyl acetate; (b) the crystal heating 
to 280°C; (c) cooling down to room temperature. 
2.3 Experiment 
General: The reagents and starting materials employed were all commercially available 
and were used without any further purification. Anhydrous and oxygen free THF and 
diethyl ether were distilled from sodium under N2 atmosphere. Anhydrous CH2CI2 was 
distilled from P2O5 under N2 atmosphere. Unless otherwise noted, all reactions were run 
in oven-dried glassware, and monitored by TLC using silica gel 60 F254 precoated plated 
(Merck). Column chromatography was carried out under positive pressure on MN 
Kieselgel 60M 230-400 mesh silica. 'H-NMR or '^C-NMR (300MHz or 400MHz) 
spectra were recorded on a Bruker DPX 300MHz or Bruker AVANCE III 400MHz 
spectrometer. Mass spectra were recorded on Themo Finnigan MAT 95 XL spectrometer 
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spectra were recorded on a Varian GARY IE UV-Vis Spectrophotometer. Melt points 
were measured using a Nikon Polarizing Microscope ECLIPSE 50i POL equipped with 
an INTEC HCS302 heating stage. 
〇 
〇 Tetracene-5,12-dione (2.11) To a stirred solution of 1,4-
dihrydroxynaphthlene (6.408g, 40mmol) and o-phthalaldehyde (5.448g, 40.6mmol) in 
100ml ethanol was added a solution of KOH (5.6g，lOOmmol) in 50ml ethanol. The 
reaction was stirred at room temperature for 3 hours. The solid was collected by filtration 
and then washed with water and ethanol. The yellow powder yield tetracene-5,12-dione 
(2.11) (8.565g, 83%). 'H-NMR (CDCI3) 6(ppm): 8.87(s, 2H), 8.41(dd，Ji=5.9Hz, 
J2=3.5HZ, 2H), 8.11(dd, J,=5.7Hz, J2=3.3Hz, 2H), 7.83(dd, JI=5.7Hz, J2=3.3Hz, 2H), 
7.71 (dd, Ji=6.3Hz, J2=3.3Hz, 2H). These data are consistent with those reported in Smith, 
J.G.; Dibble, P.W. J. Org. Chem. 1983，48, 5362-5364. 
^^^^""^/^^^^^^""^^5，12-Dihydrotetracene (2.12) To a stirred suspension of LiAlFU 
(4.56g, 120mmol) in 100ml anhydrous THF was added a solution of AICI3 (12.81g, 
96mmol) in 100ml THF under N2 atmosphere at room temperature. Then tetracene-5,12-
dione (2.11) (6.204g, 24mmol) was added, followed by addition of 100ml THF. The 
reaction mixture was refluxed for 3 hours, cooled to 0°C with an ice/water bath and 
quenched with EtOAc. Water was then added very slowly and the resulting mixture was 
extracted with hot CHCI3 for several times. The organic layers were combined, dried with 
anhydrous Na2S04 and concentrated under reduced pressure. Recrystalization of the 
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crude product from CHCI3 yielded 5,12-dihydrotetracene (2.12) (6.968g, 63%) as yellow 
needles (mp: 207-209°C lit. 209°C). 'H-NMR (CDCI3) 5(ppm): 7.78(dd, Ji=6.3Hz， 
J2=3.3HZ, 2H), 7.75(S, 2H), 7.41(dd, Ji=6.2Hz, J2=3.2Hz, 2H), 7.34(dd，Ji=5.4Hz, 
J2=3.4HZ’ 2H), 7.21(dd, Ji=5.5Hz, J2=3.3Hz, 2H), 4.09(s, 4H); '^C-NMR (CDCI3) 
5(ppm): 137.1, 135.7, 132.3, 127.21, 127.19, 126.2, 125.2，125.1, 36.8. These data are 
consistent with those reported in Luo, J.; Hart, H. J. Org. Chem. 1987, 52, 4833-4836. 
Br 
y T 1 T J 
Br 5’12-Dihydro-6，ll-dibromo-tetracene (2.13) To a solution of 
5,12-dihydrotetracene (2.12) (llOmg, 0.47mmol) in Sml dichloromethane, bromine 
(0.05ml, 1.03mmol) was added at 0°C. The whole reaction procedure was in dark 
condition and the solution was stirred at room temperature overnight. NaaSaCU solution 
was used to quench the reaction and the organic layer was separated. After removing the 
solvent, the crude product was purified by a flash column chromatography on silica gel 
using CH2CI2： haxanes of 1:3 (v/v) and yielded 5,12-Dihydro-6,11 -dibromotetracene 
(2.13) (197.2mg, 94%) as an orange yellow crystals (mp: 160〜163。C). 'H-NMR (CDCI3) 
5(ppm): 8.36(dd，J,=6.6Hz, J2=3.3Hz, 2H), 7.59(dd, Ji=6.5Hz, J2=3.2Hz, 2H), 7.40(dd, 
Ji=5.6Hz, J2=3.5HZ, 2H), 7.30(dd, Ji=5.6Hz, J2=3.2Hz，2H), 4.40(s, 4H); '^C-NMR 
(CDCI3) 5(ppm): 135.8, 135.1, 131.9，127.8, 127.5, 127.4, 127.3, 126.7, 37.9. HRMS 
(EI+): cald. for QgH丨zBr:: 387.9280, found: 387.9283. 
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Br 
Br 5,12-Dibromotetracene (2.14) To a solution of 5,12-dihydro-6,l 1-
dibromotetracene (2.13) (616mg, 1.58mmol) in 32ml toluene was added DDQ (151.3mg, 
0.66mmol). The reaction mixture was refluxed for 3 hours. After removing the solvent, 
the crude product was purified by a flash column chromatography on silica gel using 
CH2CI2： haxanes of 1:4 (v/v) and yielded 5,12-dibromotetracene (2.14) as red crystals 
(mp: 215~217°C) (457mg, 86%). ^H-NMR (CDCI3) 5(ppm): 9.26(s, 2H); 8.57(dd, 
JI=6.9Hz, J2=3.3HZ, 2H)，8.12(dd, JI=6.6Hz, J2=3.3HZ, 2 H ) , 7.54(m, 4 H ) . '^C-NMR 
(CDCI3) 6(ppm): 132.5, 130.6，129.2, 128.4, 128.3, 127.4, 127.2，126.6, 123.5. HRMS 
(EI+): cald. for CigHjoBri: 385.9123，found: 385.9120. 
COOH 
COOH Tetracene-5,12-dicarboxylic acid (2.15) To a solution of 5,12-
dibromo-tetracene (240mg, 0.62mmol) in 15ml water and oxygen free ether was added 
1.6M 5ec-BuLi in hexanes (1.36ml, 2.18mmol) under N2 at -78°C. The reaction was 
stirred under N2 at -78 °C for 1 hour and bubbled with CO2 gas. NaOH solution was 
poured into the flask and the aqueous layer was separated. After acidifying the aqueous 
layer (pH=l), the red powder tetracene-5,12-dicarboxylic acid (2.15) (be decomposed at 
255。C) (147mg ,75%) was collected by filtration. 'H-NMR (DMS0-d6) 5(ppm): 
14.2(s,2H), 8.79(s, 2H), 8.21(dd, Ji=6.6Hz, J2=3.0Hz, 2H), 8.06(dd, Ji=6.6Hz，J2=3.3Hz, 
2H), 7.63(dd, Ji=6.8Hz, J2=3.2Hz, 2H), 7.55(dd, J,=6.8Hz, J2=3.2Hz, 2H).'^C-NMR 
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(DMS0-d6) 5(ppm): 169.9, 131.6, 131.5, 128.2，127.0, 126.7’ 125.7, 125.3, 124.5, 123.9. 
HRMS (EI+)： cald. for C20H12O4: 316.0730, found: 316.0722. 
Br 
Bf 9,10-dibromoanthracene (2.20) was synthesized according to the 
reported procedure: Cakmak, O.; Erenler, R.; Tutar, A.; Celik, N. J. Org. Chem. 2006, 71, 
1795-1801. 
O ^ O H 
HO O Anthracene-9,10-dicarboxylic acid (2.21) was synthesized according to 
the reported procedure: Herrmann, U.; Tuemmler，B.; Maass, G.; Koo T.M.P.; Voegtle, F. 
Biochemistry. 1984, 25, 4059-4067. 
^^^^^^^^^^^HN 0 _/V,iV-dihexyl-5,12-anthracenedicarboxaniide 
(2.22) To a suspension of anthracene-9,10-dicarboxylic acid (500mg, 1.9mmol) in 10ml 
anhydrous CH2CI2 under N2 atmosphere at room temperature was added SOCI2 (5ml, 
69mmol，). The resulting mixture was refluxed for 2 hours, and then concentrated under 
vacuum with CH2CI2 and excessive SOCI2 collected in a cold trap cooled by 
acetone/liquid N2. To the resulting solid of acyl chloride was added another 20ml of 
anhydrous CH2CI2 and hexylamine (1.01ml，7.5mmol) subsequently. The solution was 
stirred for 60 min at room temperature, washed with dilute HCl solution and water 
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subsequently, dried with anhydrous Na2S04 and concentrated under reduced pressure. 
Column chromatography on silica gel using CH2CI2： EtOAc of 10:1 (v/v) yielded N’N-
dihexyl -5,12-anthracenedicarboxamide (526mg, 64%) as a white solid. 'H-NMR and 
TLC analysis suggest that two conformational isomers {syn- and anti-) are present in a 
solution of this anthracenediamide at room temperature, (mp: 289~290°C). ^H-NMR 
(CDCI3) 5(ppm): 8.07(dd, Ji=6.9Hz，J2=3.3Hz, 4H), 7.53(dd, Ji=6.6Hz, J2=3.3Hz，4H), 
6.02(s，2H), 3.70(m, 4H), 1.75(m, 4H)，1.48(m，4H)，1.42(m, 8H), 0.92(t, J=6.9Hz, 6H). 
'^C-NMR (CDCI3) 5(ppm): 169.0’ 133.7, 127.4’ 126.6，125.3, 40.2，31.4, 29.6, 26.7, 22.6, 
14.0. HRMS (EI+): cald. for C28H36O2N2 (EI+): 432.2771，found: 432.2773. 
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Chapter 3. Transistors from a Conjugated Macrocycle Molecule: Field 
and Photo Effects * 
3.1 Introduction 
Arylene ethynylene macrocycles ‘ are useful building blocks for porous molecular 
crystals,2 carbon nanostructures,^ fluorescent sensors/ polymeric nanotubes^, and 3D 
molecular architectures.^Although such class of macrocycles has aroused a broad range 
of interests, exploring their use in organic electronics was not reported. As shown in 
Figure 3-1，3.11 has two anthracene subunits, which are useful building blocks of 
environmentally stable organic semiconductors for application in organic field effect 
transistors (OFETs)/ linked by two diacetylene groups in a macrocycle structure. One 
concept explored herein is whether a conjugated macrocycle molecule, which has an 
intrinsic cavity, can yield organic semiconductors to be applied in field effect transistors. 
Our findings are that the thin films of macrocycle 3.11 function as transistors showing 
not only field effect but also photo effect. The electrical response to photo irradiation 
allows the device to work as a phototransistor combining dual functions of light detection 
and signal magnification in a single crystal device.Diacetylenes undergo topochemical 
photopolymerization to form ordered structures when they are properly arranged in 
crystals⑴.However, in our case, polymerization of 3.11 and 3.12 occurs in solid state 
upon heating although the separation between two diacetylene subunits of neighboring 
* Portions of this chapter is adapted from a paper accepted for publication on Chem. 
Comm. Synthesis, assembly, polymerization, crystal growth and X-ray diffraction for thin 
film were performed by myself; Thin film transistor fabrication and characterization were 
performed by Qin Tang. The crystal structure was solved by Hoi Shan Chan. 
30 
macrocycles in crystal structure is out of the range required by efficient topochemical 
photopolymerization. Although 3.11 was first synthesized about half a century ago/ ‘ it 
was almost forgotten by chemists thereafter and this study appears to be the first time for 
its soluble derivatives, molecular packing and electrical properties being investigated. 
a. R b. ； N H ^ 
u m l i i m 
TT to TT： 3.52A 
I I I I 。 ： 
3.12:R:-OC6HI3 0=51.6° • 
Figure 3-1 (a) Molecular structure of the macrocycles with anthracene and diacetylene 
moieties highlighted respectively; (b) side view of molecular packing of 3.12 from crystal 
structures showing distance between 7t-surfaces; (c) top view of offset stacked 
macrocycles of 3.12 from crystal structures highlighting distance between diacetylene 
subunits of neighboring molecules with alkoxyl groups and hydrogen atoms omitted for 
clarity. 
3.2 Result and discussion 
Unsubstituted macrocycle 3.11 is orange crystalline solid, which is practically 
insoluble in common organic solvents at room temperature and can only dissolved in hot 
high-boiling-point aromatic solvents, such as 1,2,4-trichlorobeiizene. To increase the 
solubility of 3.11, two flexible alkyl chains are introduced to the anthracene subunits. 
Show in Scheme 3-1 is the synthesis of macrocycles 3.11 and 3.12, in which the acyclic 
precursors 3.21 and 3.22 were prepared by modifying the reported procedures.'^ The 
relatively good yields of 3.11 and 3.12 from oxidation cyclic dimerization of 3.21 and 
31 
3.22 should be related to the favorable orientation of ethynyl groups in rigid backbone of 
3.21 and 3.22. 3.11 is dissolved in organic solvents such as chloroform and toluene at 
room temperature with solubility lower than Img/ml and form yellow solutions with 
intense green fluorescence. 3.11 and 3.12 are stable when exothermic polymerization at 
ca. 402°C and 320°C respectively prior to melting yielding insoluble black solids as 
NMR spectra of 3.12 show the protons inside the macrocycle (H^ of 3.12 shown in 
Scheme 3-1) having a chemical shift of 9.30ppm，which shifts downfield compared to 
that of Hb (9.16ppm) in 3.22. This is similar to the properties of Kekulene'^ and indicates 
that the 18-member ring of 3.22 is not annulenoid-aromatic. The longest wavelength 
absorbance for 3.11 (468nm, obtained from a diluted solution of 3.11 in 1,2,4-
trichlorobenzene) is essentially the same as the reported value 470nm) for di-9-anthryl-
diacetylenei4 suggesting that the anthrylene diacetylene macrocycle has an electronic 
structure similar to its acyclic analogue. 
~——3.31 : R=-H, 97% 
(a) CI CI CI CI 
O (b) R 
3.32 : R=-OC6Hi3, 70% 
II Hb II O — ^ ^ 
R3.21:R=-H, 56% 3.11： R=-H,88% 、~‘ 
3.22： R=-0Cr,H,3,61% 3.12： R-OCrH,?. 63% 
Scheme 3-1. Synthesis of macrocycles: (a) NaBH4, /-PrOH, then HCl, (b) K2CO3, 
CeHiaBr, DMF; (c) i. trimethylsilylacetylene, CHsMgBr, Ni(acac)2, PPha, THF; ii KOH 
aq” THF; (d) Cu(0Ac)2，pyridine/CHsOH. 
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To test the stability of these macrocycle molecules, 3.11 and 3.12 were subject to 
photoirradiation and heating in ambient air. Crystalline powder of 3.11 and 3.12 
appeared stable to photoirradiation with a 500w tungsten lamp for 12 hours. As 
monitored by differential scanning calorimetry (DSC), 3.11 and 3.12 undergo an 
irreversible exothermic reaction at ca. 402。C and 320°C respectively prior to melting 
yielding insoluble black solids with metallic luster. Micrograph of thermal product of 
3.12 and DSC thermograms of 3.11 and 3.12 are shown in Figure3-2 . Such 
exothermic reaction can be attributed to thermal polymerization of macrocycle 
molecules, which was reported for other arylene ethynylene macrocyles with similar 
structures. 
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Figure 3-2 Thermal reactions of 3.11 and 3.12 monitored by polarized microscopy and 
DSC: (a) micrographs (reflection mode) of 3.12 before and after being heated; (b) DSC 
thermograms of 3 .U and 3.12 showing exothermal transition in the heating cycle at a 
heating rate of 10。C/niin. 
Slow evaporation of a hot solution of 3.22 in 1,2,4-trichlorobenzene resulted in orange 
crystals. X-ray crystallography for these crystals indicates that the macrocylce backbone 
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is essentially flat and reveals an offset stacked orientation of the macrocylcles as shown 
in Figure 3-1 b and 3-lc. The molecules of 3.12 stack in one direction with overlap 
between anthracene subunits of neighboring macrocylces and a distance of 3.52A 
between aromatic planes of neighboring macrocycle. Such molecular packing should 
allow charge transport along the direction of 7i-stacking. The closet contacts between 
diacetylene subunits of two macrocycles are observed between neighboring stacks rather 
than in one stack. As shown in Figure 3-1 b，the two diacetylene subunits in neighboring 
stacks are placed in a parallel arrangement with a distance d between the diyne centers of 
5.87A and a decline angle 0 of 51.6° between the molecular and stacking axes. It is well 
established that diacetylenes undergo topochemical photopolymerization to form 
transpolybutadiyne when diacetylene monomers are arranged in tilted stacks in crystals 
with d of 4.7-5.2 A, and 0 of ca. 45°.^  Thus the observed stability of macrocycle 
molecules to photo irradiation can be attributed to the molecular packing because the 
diyne-diyne seperation {d) between diacetylene subunits of 3.12 is too large to allow this 
type of topochemical this type of topochemical photopolymerization. 
The Thin films of 3.11 were deposited on oxidation silicon substrates by thermal 
evaporation in vacuum. X-ray diffraction from the film shows a primary diffraction peak 
at 29 = 8.80° ( d spacing: 10.04 人）with a second-order peak at 20 = 17.75°( d spacing: 
5.02 人）indicating a polycrystalline film with lamellar structures (shown in Figure 3-3a) 
The 71-71 interaction between molecules of 3.11 was revealed by comparing the absorption 
spectra from a dilute solution of 3.11 in 1,2,4-trichlorobenzene (3xlO~^M) and from a 
thermal evaporated film of 150nm thick on glass. The longest wavelength absorption for 
3.11 shifts to the red by ca. 25 nm on going from solution (468 nm) to the 
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Figure 3-3 (a) X-ray diffractogram from a thermal evaporated film of 3.11. (b) UV-vis 
absorption of 3.11 from a solution in 1,2,4-trichlorobenzene (3xlO~^M) and from a 
thermal evaporated film of ISOnm thick on glass. 
thin film (493 nm) (shown in Figure 3-3b). This type of red shift can be attributed to the 
delocalization of the excited state due to 7c-stacking and is common in many Jt-stacked 
systems. 15 Thin-film transistors of 3.11 in a top-contact configuration were fabricated by 
thermal evaporation in vacuum using gold as source and drain electrodes, highly n-doped 
silicon as a gate electrode and a 300nm thick layer of SiOz as dielectrics. The thin film of 
3.11 performs as a p-channel field effect transistor with its field effect mobility dependent 
on the surface treatment with a self-assembled monolayer of octadecyl trichlorosilane 
(OTS) and the substrate temperature during deposition. Deposition of 3.11 on OTS-
treated Si02 at a substrate temperature of ca. 110。C was found to yield the best device 
performance with field effect mobility of 0.02—0.07 cm^V's"' in our studies. Shown in 
Figure 3-4b-d are typical / -F curves for such devices, from which a field-effect mobility 
of 0.05 measured in the saturation regime using the equation: IDS = 
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(f iWCi/lLXVc-Vrf and Q of 1 I n F W for 300nm SiOz.^ '^ 口 On/off ratio of the drain 
current obtained between 0 and -50 V gate bias from the output I -V curves is greater 
than U \ 0 \ 
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Figure 3-4 (a) Absorption spectrum of 3.11 in a film of 150nm thick overlapped with 
color bars, which show the wavelength and half-peak width of the illumination tested in 
the study of phototransistors, (b) Drain current versus drain voltage for the thin film 
transistor of 3.11 deposited on OTS-treated Si02 at substrate temperature of 110°C with 
channel dimension of W = 2 mm and L =100|j.m tested in dark and under violet light 
(X,=408iim) of 1 .OmW/cm^ respectively, (c and d) Drain current versus gate voltage for 
the above device tested at a drain voltage of -50V in dark and under violet light 
(X,=408nm) of 3.9mW/cm^ respectively. 
Interestingly the thin fi lm device of 3.11 also show photo effect, which was first 
noticed when the I -V characteristics were measured under white light from a halogen 
lamp. To test the photo effect, five LED lamps were used as source of visible light with 
varied colors, which are shown in Figure 3-4a with the absorption spectrum of 3.11 in a 
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thin film. It is found that irradiation with violet, blue and green lights, which have photon 
energy higher than the HOMO-LUMO gap of 3.11 in solid state (about 550nm as 
estimated from the edge of longest wavelength absorption), causes the threshold voltage 
to shift without apparently changing the charge carrier mobility. Such effect indicates that 
light functions as an additional parameter to control the number of mobile charges. 
3.3 Conclusion 
The studies above demonstrate that the thin films of macrocycle 3.11 function as 
phototransistors combining light detection and signal magnification in a single device. 
The photo responsibility suggests potential applications of this family of conjugated 
macrocycle molecules in organic optoelectronics, such as photodetectors and solar cells. 
The success of using conjugated macrocycle molecules as organic semiconductors in 
OFETs also suggests a new strategy to design electronic materials for OFET-based 
chemical sensors since the intrinsic cavity from a macrocyclic structure may selectively 
bind a guest molecule. For such application, the cavity inside the conjugated macrocycle 
should be enlarged to accommodate a guest molecule. Investigations on conjugated 
macrocycles with larger cavity will be continued thereafter. 
3.4 Experiment 
General: The reagents and starting materials employed were either commercially 
available or prepared according to the known procedures as noted below. Anhydrous and 
oxygen free THF was distilled from sodium. Unless otherwise noted, all reactions were 
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run in oven-dried glassware, and monitored by TLC using silica gel 60 F254 precoated 
plated (Merck). Column chromatography was carried out under positive pressure on MN 
Kieselgel 6 0 M 2 3 0 - 4 0 0 mesh silica. 'H N M R ( 3 0 0 M H Z ) spectra were recorded on a 
Bruker DPX spectrometer and "C NMR( 100.7MHz) spectra were recorded on a Vanrian 
Inova 400 spectrometer at. Mass spectra were recorded on Therno Finnigan MAT 95 XL 
spectrometer. 
CI CI 
O 4,5-Dichloro-9-anthrone was synthesized according to Helge, P.; 
Wolfgang, W.; Mullen, K. J. Org. Chem. 1996’ 61, 2853-2856. 
CI CI 
1,8-Dichloro-anthracene (3.31): To a stirred suspension of 4,5-
dichloro-9-anthrone (762mg, 2.9mmol) in /-PrOH (80ml) was added NaBIHU (549mg, 
14.5mmol) in small portions over 30mins. The mixture was further stirred for Ih at room 
temperature. Poured into 100ml of saturated NH4CI aqueous solution. The organic layer 
was separated and the aqueous layer was further extracted with dichloromethane (80ml). 
The organic layers were combined, dried with anhydrous NasSCU, concentrated under 
reduced pressure. Column chromatography (10% dichloromethane in hexanes) yielded 
1,8-dichloro-anthracene (3.31) (694mg，97%) as yellow crystalline powder. 'H-
NMR(CDCl3) 6(ppm): 9.23(s, IH)，8.44(s, IH), 7.92(d, J=8.6Hz, 2H), 7.61(dd, Ji=7.1Hz, 
J2=0.7HZ , 2H)，7.40(dd, J,=8.5Hz, J2=7.2Hz, 2H) . "C-NMR (CDCI3) 6(ppm): 132.6, 
132.4, 129.5, 127.6, 127.3，126.0，125.6, 121.0. These data are consistent with those 
reported in House，H.O.; Koepsell, D.; JaegerW. J. Org. Chem. 1973, 38, 1167-1173. 
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CI CI 
OC6Hi3 1,8-Dichloro-lO-hexyloxyanthracene (3.32): To a mixture of 4,5-
dichloro-9-anthrone (l.OlOg, 3.84mmol) and K2CO3 (798mg,.5.8mmol) in 100ml of 
DMF, which was purged with nitrogen for 30 minutes, was added 1-bromohexane 
(0.81ml, 5.8mmol) via a syringe under a nitrogen atmosphere at room temperature. The 
resulting solution was stirred under a N2 atmosphere at 55 °C overnight and poured into 
IL of water and extracted with 200ml of diethyl ether. The organic layer was separated 
and the aqueous layer was further extracted with 50ml of diethyl ether for three times. 
The organic layer was combined, washed with brine, dried with anhydrous Na2S04 and 
concentrated under reduced pressure. Column chromatography on silica gel (10% of 
CH2CI2 in hexanes) yielded 1,8-dichloro-lO-hexyloxyanthracene (3.32) (915.5mg, 70%) 
as yellow powder: (mp: 61〜63。C) ^H-NMR (CDCI3) 5(ppm): 9.05(s, IH), 8.22(d, 
J=8.7Hz, 2H)，7.62 (d, J=7.2Hz, 2H), 7.40 (dd, J,=8.7Hz, h=6.9Uz, 2H), 4.15 (t,J=6.9Hz, 
2H)，2.03 (m, 2H), 1.65 (m，2H), 1.43 (m, 4H), 0.98 (t, J=6.9Hz, 3H) '^C-NMR (CDCI3) 
5(ppm): 152.4, 132.8，129.9’ 126.0, 125.9, 125.0, 121.6, 116.2, 76.7，31.7，30.5, 25.8, 
22.6, 14.1. HRMS (MALDI-TOF): cald. for C20H20OCI2： 346.0885, found 346.0881. 
"MS TMS 
(1,8-Anthracenediyldiethynylene)bis(trimethylsilane) (3.21a) was 
synthesized according to : Katz, H.E. J. Org. Chem. 1989, 54, 2179-2183. 
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H H 
1,8-Diethynylanthracene (3.21): To a solution of (1,8-
anthracenediyldiethynylene)bis(trimethylsilane) (295mg, O.Smmol) (3.21a)in THF(20ml) 
was added 2ml of 2M KOH aqueous solution. The resulting yellow solution was stirred 
overnight at room temperature. Then 100ml of saturated NH4CI aqueous solution was 
added. The organic layer was separated and the aqueous layer was further extracted with 
dichloromethane(20ml). The organic layers were combined, dried with anhydrous 
Na2S04, concentrated under reduced pressure. Column chromatography (10% of CH2CI2 
in hexanes) yielded 1,8-diethynylanthracene (3.21) (175mg, 97%) as crystalline yellow 
powder. 'H-NMR (CDCI3) 6(ppm): 9.43(s, IH), 8.45(s, IH)，8.02 (d, J=8.6Hz, 2H), 
7.79(d, J=6.8Hz, 2H), 7.45(dd, Ji=8.6Hz, J2=6.9Hz, 2H), 3.61(s,2H). ' ^ C - N M R (CDCI3) 
6(ppm): 131.5, 131.3, 129.4，127.5’ 124.9，123.7, 120.3, 82.6, 81.7. These data are 
consistent with those reported in Katz, H.E. 1 Org. Chem. 1989, 54, 2179-2183. 
"MS TMS 
OGeHis 10-Hexyloxy-l,8-anthracenediyldiethynylene-bis(trimethylsilane) 
(3.22a): To a solution of (trimethylsilyl)acetylene (7.29ml, 32.5mmol) in 100ml of 
anhydrous and oxygen free THF was added a 3M diethyl ether solution of 
methylmagnesium bromide (10ml, 30mmol) under a nitrogen atmosphere at 0°C. The 
resulting solution was stirred for 45 mins at room temperature. To the solution were 
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added 1,8-dichloro-10-hexyloxyanthracene (3.32) (2.737mg, 8mmol), Ni(acac)2 (14.6mg, 
0.057mmol )，and ？?h^ (53.2mg, 0.033mmol). The reaction mixture was refluxed for 72h 
under a nitrogen atmosphere, cooled to room temperature and 100ml of saturated NH4CI 
aqueous solution was added. The organic layer was separated and the aqueous layer was 
further extracted with 50ml of dichloromethane. The organic layers were combined, dried 
with anhydrous Na2S04, concentrated under reduced pressure. Column 
chromatography( 10% CH2CI2 in hexanes) yielded lO-hexyloxy-1,8-
anthracenediyldiethynylene-bis(trimethylsilane) (3.22a) (2.559g, 68%) as yellow powder 
(mp: 133〜135。C). 'H-NMR (CDCI3) 6(ppm): 9.13(s, IH), 8.27 (d，J=8.7Hz, 2H), 7.78(dd, 
Ji=6.9Hz，J2=0.9HZ, 2H), 7.42(dd, Ji=8.7Hz, J2=6.9Hz, 2H), 4.14(t，J=6.9Hz, 2H), 
1.95(m, 2H), 1.56(m, 2H), 1.33(m, 4H), 0.95(t，J=6.9Hz，3H). '^C-NMRCCDCb) 6(ppm): 
152.5, 132.5, 131.9, 124.6, 124.6, 123.5，121.6, 119.4，103.7, 100.0, 76.7，31.8, 30.6, 25.9, 
22.7，14.1, 0.4. HRMS (EI+): cald. for CigHioOSiz： 470.2456，found 470.2434. 
H H 
OC6H13 1,8-Diethynyl-lO-hexyloxyanthracene (3.22) :To a solution of 10-
hexyloxy-1,8-anthracenediyldiethynylene-bis(trimethylsilane) (1.561g, 3.3mmol) (3.22a) 
in 20ml of THF was added 2M KOH aqueous solution (6.5ml, 13mmol) at room 
temperature. The resulting solution was stirred for overnight at room temperature, and 
then poured into 25ml of saturated NH4CI aqueous solution. The organic layer was 
separated and the aqueous layer was further extracted with 20ml of CH2CI2. The organic 
layers were combined, dried with anhydrous Na2S04, concentrated under reduced 
41 
pressure. Column chromatography on silica gel (100% hexanes) yielded 1,8-diethynyl-
10-hexyloxyanthracene (3.22) (658.7mg, 61%) as yellow powder (mp: decomposed 
above 159。C). 'H-NMR(CDC13) 5(ppm): 9.24(s, IH), 8.3 l(d, J=8.7Hz, 2H), 7.79(d, 
J=6.9Hz, 2H), 7.45(dd, Ji=8.7Hz, J2=6.9Hz, 2H), 4.17(t, J=6.6Hz, 2H), 2.04(m,2H), 
1.64(m, 2H), 1.43(m, 4H), 0.95(t, J=6.9Hz, 3H). '^C-NMR (CDCI3) 6(ppm): 152.6, 132.2， 
131.7，125.2, 124.6, 123.8，120.6，119.2，82.8，81.8, 76.8, 31.7，30.6，25.8, 22.6, 14.1. 
HRMS (EI+): cald. for C24H22O: 326.1665, found 326.1669. 
ra 
Cyclic-bis(l,8-diethynyl-anthracene) (3.11) was 
synthesized according to : Akiyama, S.; Misumi, S.; Nakagawa, M. Bull Chem. Soc. Jpn. 
1960，346-347 and yielded as orange crystals: mp: polymerized at 402°C; 'H-NMR (ds-
PhNOz, 150°C) 6(ppm): 9.49(s, 2H), 8.53(s, 2H)，7.93(d, J=6.8Hz, 4H)，7.54(d, J=7.8Hz， 
4H). Five peaks are expected to be found in NMR of 3.11. The missing peak should 
be hidden in the intense peaks from solvent molecules and can not be distinguished. "C-
NMR was not taken due to low solubility of the product. HRMS (EI+): cald. for C36H16： 
448.1247, found 448.1242. HRMS (MALDI-TOF) cald. for C36H16： 448.1247, found 
448.1247. 
= 二 、Hi3 
Cydic-bis(l,8-diethynyl-10-hexyloxy-anthracene) 
(3.12): To a solution of 1,8-diethyny 1-10-hexyloxyanthracene (3.22) (647mg，2.0mmol) 
in 56ml of pyridine and 4.4ml of CH3OH wa added Cu(0Ac)2 (12.012g, 60mmol) and 
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the resulting mixture was stirred at 55°C overnight. Then the reaction mixture was cooled 
to room temperature and 60ml of methanol was added into the solution. The mixture was 
filtered and the resulting solid was washed thoroughly with water, methanol and ether 
successively. Recrystallization from 1,2,4-trichlorobenzene yielded cyclic-bis(l,8-
diethynyl-10-hexyloxy-anthracene) as orange crystals (405mg, 68%) (3.12) (mp: 
polymerized at 320。C); 'H-NMR (CDCI3) 5(ppm): 9.30(s, 2H), 8.36(d, ^J=8.8Hz, 4H), 
7.90(d, J=6.3Hz, 4H), 7.51(dd, Ji=8.8Hz, J2=7.0Hz, 4H), 4.20(t, J=6.7Hz, 4H), 2.05(m, 
4H), 1.70(m, 4H), 1.44(m, 8H)，0.97(t, J=7.0Hz, 6H). '^C-NMR was not taken due to 
relatively low solubility of the product. HRMS (EI+): cald. for C48H40O2： 648.3023, 
found 648.3010. 
Characterization of solids and films 
UV-visible spectra were taken on a Virian Gary IE UV-Visible Spectrophotometer. 
Differential Scanning Calorimeter (DSC) spectra were recorded on Perkin Elmer 
Differential Scanning Calorimeter Pyris 1. X-ray diffraction (XRD) patterns were 
collected on a Bruker D8 Advance Diffractometer with high-internsity Cu Ka l 
irradiation(入=1.5406人).X-ray crystallography was taken on a Bruker KAPPA APEX2 
with Mo irradiation (入=1.71073A). Micrographs of crystals and thermal products were 
taken on Nikon ECLIPSE SOiPOL microscope with a SPOT Insight IN 1820 CCD camera 
and an INSTEC HCS302 heating stage. 
Wafer cleaning and OTS functionalization 
An oxidized silicon wafer (Si is highly n-doped with resistivity smaller than 0.005 fl.cm 
and the thermally grown Si02 is 300nm thick) was used as substrates for organic thin 
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film transistors. The following surface treatments of the Si02 were performed on the 
dielectric surface before vacuum sublimation of the semiconductor film: a 10 min 
sonication in acetone, followed by a 70:30 H2SO4/H2O2 (piranha) etch for 1 hour at 
100。C，then a 1:1:5 NH3 HsO/HsCVdeionized H2O wash for 20 min at 70。C, and finally a 
soak in a 2.5mM solution of octadecyltrichlorosilane (OTS) in toluene at 28°C for 1 hour. 
The dielectric surface was characterized using contact angle measurements, which were 
<5° after cleaning and >105° after OTS monolayer formation. The contact angle of the 
OTS monolayer confirms a tight-packed hydrophobic surface. 
Transistor fabrication, capacitance measurement, and transistor measurements 
Top-contact thin-film transistors of 3.11 were fabricated by thermal evaporation of gold 
through a shadow mask onto these polycrystalline films as source/drain electrodes. In 
these transistors highly n-doped silicon functions as gate electrode and SiO: of 300nm 
thick (untreated or treated with octadecyl trichlorosilane) function as dielectrics. The 
macrocycle 3.11 was not further purified before vacuum-deposition. The thin films 
composed of quinones were vacuum-deposited by an Edwards Auto 306 vacuum coater 
with the Turbomolecular pump at a pressure of 2.0 x 10"^  Torr or lower, with a deposition 
rate of ca. 1 人/s to the desired thickness. Different substrate temperatures for deposition 
were achieved using a radiant heater and measured with a thermocouple. The drain and 
source gold electrodes were vacuum-deposited through a shadow mask in the same 
vacuum chamber, and the resulting semiconducting channels were 50|im(L)xlmm(W), 
100^m(L)xlmm(W), 50|im(L)x2mm(W) and 100^m(L)x2mm(W). 
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The current-voltage measurement for thin-film transistors was carried out on a probe 
station using a HP 4145B semiconductor parameter analyzer. During the measurement, 
the microscope light source was kept on and the samples were kept at room temperature 
in the ambient atmosphere. 
Transistor characteristics with different substrates and temperatures for 3.11 
The field-effect mobility is measured in the saturation regime using the equation: I^s = 
(nWCi/2L)(FG-厂t)2 and Ci of l l n P W for 300nm S'lOj. The ratio of the width to the 
length (W/L) of the channel was 40, 20 and 10. The on/off ratios were measured between 
gate biases of 0 and -50 V. 
Table S-1. Summary of the electrical characteristics of 3.11 devices at all temperature 
ranges. 
。、 SiOz OTS-treated SiO， — 
( ) H F E T (cm'-V's' ') On/Off ratio |IFET (cm '-y-'s'') On/Off ratio 
20 i F 1x10-、2xl0-> 
60 1x10-^-2x10"^ ‘ i F Ix l0" '~2xl0" ' 
80 9x l0" '~ lx l0"^ 3x10-'〜6x10-' 
100 lxl0—、2xl(r* 2xl0"'~3xl0"' 
110 ix 1 0 - ^ - 2 x 1 2 x l 0 " ' ~ 7 x l 0 " " ' i F 
120 Ix 1 0 - ^ - 2 x 1 f ? 2xl0~'~7xl0' ' 
130 1x10一‘〜2x10-3 2xl0" '~6xl0" ' ICP 
140 1><10"~4〜2x10—4 7xl0"^~2xl0~' 10^ 一 
Td： Temperature of substrate during deposition 
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Chapter 4 Synthesis of Soluble and liquid crystalline Conjugated 
Macrocylces 
4.1 Introduction 
Low-cost and solution-based processing requires organic semiconductors to be soluble 
and self-assemble from the solution to form highly ordered thin film with the proper 
morphology.' As described in Chapter 3，the cyclic-bis( 1,8-diethynyl-anthracene) has 
been successfully applied to thin film transistors showing not only field effect but also 
photo effect with a field-effect mobility of 0.05 cm^V^s"'. However, the poor solubility 
of the cyclic-bis( 1,8-diethynyl-anthracene) in common organic solvents limits its 
applications in processing. And the typical approach to increase the solubility of large 
aromatic molecules involves the introduction of bulky substituents^ to at least partially 
disrupt strong intermolecular forces that lead to the poor solubility.^ So the strategy 
described in this chapter is introducing flexible alkyl chains to the cyclic-bis(l,8-
diethynyl-anthracene) core to increase the solubility. The resulting molecule has rigid 
macrocycle surrounded with flexible alkyl chains, and has a typical structure of 
thermotropic Liquid Crystal (LC) (Figure 4~1).4 Amongst conjugated LCs, one should 
Thermotropic Liquid Crystal 
flexible tail 
rigid core 
Figure 4-1 Designing strategy of the thermotropic liquid crystal molecule. 
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differentiate the calamitic (rod- lik:e)^from the discotic (disc-like) mesogens.^ They differ 
in their molecular shapes, their phase symmetries, the dimensionality of their charge 
transport and exciton migration and in extend of their orbital overlap. 
As shown in Figure 4-2，alkoxyl chains as soluble components are introduced to the 
conjugated macrocycle at carbon atoms highlighted in red or blue seperately. Synthesis of 
such substituted macrocycles is detailed in this chapter and applications of these 
molecules in solution-processed organic field effect transistors，are in progress as well. 
Figure 4-2 Positions on the unsubsituted macrocycle to introduce alkoxy chains. 
4.2 Result and Discussion 
H H 
CI CI CI CI 丨丨 II 二 二 O 
4.11 4.12 4.13 
R=_Ci2H25 
Scheme 4-1 The synthesis route of the soluble macrocycle cyclic-bis( 1,8-diethynyl-10-
dodecyloxy-anthracene) 4.13. (a) K2CO3, CizHisBr, DMF, N2，55。C，84%; (b) 
(i)TMS = MgBr，pphj, Ni(acac)2，THF，N2, reflux; (ii) KOH, THF; total yield of two 
steps is 56%; (c) Cu(0Ac)2，pyridine, MeOH, 55°C, 58%. 
Shown in Scheme 4-1 is the synthesis of conjugated macrocycle with two dodecyl 
chains (4.13). Herein, I want to illustrate why alkoxy group is introduced rather than 
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alkyl group to the macrocycle core to increase the solubility in this study. Two types of 
reactions can be used to introduce flexible chains to C9 of anthracene. As shown in 
Figure 4-3, 1,8-dichloroanthrone can either react as a nucleophile or an electrophile. In 
the first reaction, K2CO3 was used as a base to deprotonate dichloroanthrone resulting a 
phenoxide intermediate, which reacted with alkyl bromide to allow the introduction of 
alkyl group. In the second reaction, 1,8-dichloroanthrone reacted as a electrophile with 
carbanion species. Either lithium reagent or Grignard reagent was used here as a 
nucleophile to introduce the alkyl group. Several experiments have been done to 
introduce the alkyl chain to the 1,8-dichloro-anthrone (Shown in Scheme 4-2). Although 
phenyl and methyl groups were introduced from Grignard reagent and butyl groups from 
the lithium reagent, Grignard reagents of longer alkyl chains reacted with 1,8-
dichloroanthrone to generate an alkylation product in a very low yield. This may relate to 
two possible roles that Grignard reagent could play in these reactions. Grignard reagent 
could either work as a nucleophile added to the carbonyl or work as a base to deprotonate 
anthrone. Once anthrone converted to phenoxide by deprotonation, it can not react as an 
electrophile with carbanion species. But the detailed mechanism on the selectivity of 1,8-
dichloroanthrone towards different Grignard reagents with different alkyl length is not 
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Scheme 4-2 Trials on direct alkylation of 1,8-dichloro-anthrone. 
As shown in Figure 4-4a, the phase transition of 4.13 was monitored by differential 
scanning calorimetry (DSC) and polarized light microscope equipped with a heating 
stage. Two phase transitions are found in the heating cycle showing change from solid to 
liquid crystal at 117。C and from liquid crystal to isotropic liquid at 246°C. Due to the 
thermal polymerization described in Chapter 3，the temperature of isotropic liquid has to 
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be controlled under 255°C to prevent polymerization. Upon cooling the isotropic liquid 
of 4.13 begins to form birefringent liquid crystal at ca. 235°C as shown in Figure 4-4b. 
(a) (b) — — m 
Figure 4-4 (a) DSC thermograms of 4.13 in heating and cooling cycles, (b) Cross-
polarized optical microscopy image of 4.13 at 190°C as it is cooled from an isotropic 
liquid. 
The X-ray diffraction pattern (displayed in Figure 4-5) from 4.13, which is cooled to 
temperature from an isotropic liquid, shows a primary diffraction peak at 20 = 3.95° (d-
spacing: 22.35A) accompanied with peaks derived from this one up to order 
suggesting a semectic liquid crystalline films. The ^/-spacing of 22.35 A is shorter than 
the length of molecule (45人）with alkyl chains fully extended as found in the energy 
minimized model, suggesting that alkyl chains are not fully extended in the liquid crystal 
phase. 
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Figure 4-5 X-ray diffraction of 4.13 film formed by cooling the isotropic liquid to room 
temperature. 
Casting the solution of 4.13 on oxidized silicon substrate yielded isolated crystals 
rather than continuous films possibly because of the relatively low solubility of 4.13 at 
room temperature. Therefore more alkoxyl chains should be introduced to the conjugated 
macrocycle. The synthesis route of macrocycle with four alkoxyl chains was shown in 
Scheme 4-3. The hexyloxy group as a soluble chain was successfully introduced to yield 
4.27. And other alkoxyl chains could be introduced in the same way. In the process of 
brominating 4.21, the concentration of bromine appeared to be very important. The 
reaction can work well only in the high concentration (1.5M). Sonogashira reaction with 
bromo anthraquione 4.22 and bromo anthracene 4.23 were first tested. But these reactions 
did not yield desired products possibly because the electron-donating alkyl groups 
deactivated the substrate. Therefore more active iodine atoms were introduced to replace 
bromine and Sonogashira reaction of iodo anthracene 4.24 yielded the target product. In 
the condition (e), which is shown in the Scheme 4-3, the proton on the anthracene in 9，10 
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position may be involved in the Sonogashira reaction that could be proved by 'H-NMR 
spectrum (the singlet peak disappeared) at high temperature (higher than 60°C). So the 
room temperature Sonogashira reaction was essential to this step. 
OH O OH OR O OR QR O OR OR OR 
O O Br O Br Br Br | | 
3.21 4.22 4.23 4.24 
(e) 
OR OR f f 
R o ^ = 二 O o R ^ V ^ f Y Y l 
^ w 丄 竹 
R � " { > ^ ^ " 0 。 R U 八 八 
H H OH OH 
口 r w 4.27 4.26 4.25 
Scheme 4-3 The synthesis route towards soluble macrocycle with four alkoxy chains, (a) 
CS2CO3, CfiHisBr, DMF, N2, 60。C，92%; (b) Br，，NaOAc, CH3CI, reflux, 80%; (c) (i) 
NaBH4, MeOH; (ii) SnCb, HCl (conc.)，THF; two steps total yield 62%; (d) ^BuLi, CH2I2， 
THF, ether, -78°C, N2, 27%; (e) _。"，p^j^pp^^^^Cb, Cul，EtsN, N2. 72%; (f) KOH, 
toluent, N2, reflux, 93%; (g) Cu(0Ac)2，pyridine, MeOH, 55。C，52%. ’ 
The characterization of 4.27 includes the 'H-NMR and HRMS. The solubility of 4.27 
happens to be less than 4.13 at room temperature. But it is largely increased in toluene at 
higher temperature (around 100°C) and higher than that of 4.13 at the same condition. 
4.3 Conclusion 
The soluble macrocycle with two alkoxyl chains 4.13 and macrocycle with four 
alkoxyl chains 4.27 have been successfully synthesized. The assembly of 4.13 in liquid 
crystal was characterized. Macrocycle molecules with higher solubility at room 
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temperature will be synthesized using the same route with different alkoxy groups in 
order to achieve solution-processable organic semiconductors. 
4.4 Experiment 
General: The reagents and starting materials employed were either commercially 
available or prepared according to the known procedures as noted below. Anhydrous and 
oxygen free THF was distilled from sodium. Unless otherwise noted, all reactions were 
run in oven-dried glassware, and monitored by TLC using silica gel 60 F254 precoated 
plated (Merck). Column chromatography was carried out under positive pressure on MN 
Kieselgel 60M 230-400 mesh silica. ^H-NMR or '^C-NMR (300MHz or 400MHz) 
spectra were recorded on a Bruker DPX 300MHz or Bruker A VANCE III 400MHz 
spectrometer or '^C NMR(100.7MHz) spectra were recorded on a Vanrian Inova 400 
spectrometer at. Mass spectra were recorded on Therno Finnigan MAT 95 XL 
spectrometer or MALDI-TOF spectrometer. Differential Scanning Calorimeter (DSC) 
spectra were recorded on Perkin Elmer Differential Scanning Calorimeter Pyris 1. X-ray 
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diffraction (XRD) patterns were collected on a Bruker D8 Advance Diffractometer with 
high-internsity Cu Ka l irradiation(入=1.5406A). X-ray crystallography was taken on a 
Bruker KAPPA APEX2 with Mo irradiation (?i=1.71073A). Micrographs of crystals and 
thermal products were taken on Nikon ECLIPSE SOiPOL microscope with a SPOT 
Insight IN 1820 CCD camera and an INSTEC HCS302 heating stage. 
CI CI 
OC12H25 1,8-Dichloro-lO-dodecyIoxyanthracene (4.11): To a mixture of 4,5-
dichloro-9-anthrone (1.007g, 3.83mmol) and K2CO3 (798mg,.5.8mmol) in 100ml of 
DMF, which was purged with nitrogen for 30 minutes, was added 1-
bromododecane(l .38ml, 5.8mmol) via a syringe under a nitrogen atmosphere at room 
temperature. The resulting solution was stirred under a N2 atmosphere at 55。C overnight 
and poured into 1L of water and extracted with 200ml of diethyl ether. The organic layer 
was separated and the aqueous layer was further extracted with 50ml of diethyl ether for 
three times. The organic layer was combined, washed with brine, dried with anhydrous 
Na2S04 and concentrated under reduced pressure. Column chromatography on silica gel 
(50% of CH2CI2 in hexanes) yielded 1,8-dichloro-10-dodecyloxyanthracene (4.11) 
(1.3855g, 84%) as yellow powder (mp: 44〜46。C). 'H-NMR (CDCI3) 6(ppm): 9.05(s, IH)， 
8.22(d, J=8.7Hz, 2H), 7.62(d, J=7.2Hz, 2H), 7.40(dd, J,=8.7Hz, J2=6.9Hz, 2H), 4.15(t, 
J=6.9Hz, 2H), 2.03(m, 2H), 1.65(m, 2H)，1.43(m, 4H), 0.98(t, J=6.9Hz, 3H). '^C-NMR 
(CDCI3) 6(ppm): 152.4，132.8，129.9，126.0，125.9, 125.0, 121.6，116.2，76.7，31.7，30.5, 
25.8, 22.6，14.1. HRMS (EI+)： cald. for C26H32OCI2： 430.1852，found 430.1827. 
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H H 
•C12H25 1,8-Diethynyl-lO-dodecyloxyanthracene (4.12) To a solution of 
(trimethylsilyl)acetylene (2.3ml, 10.3mmol) in 17ml of anhydrous and oxygen free THF 
was added a 3M diethyl ether solution of methylmagnesium bromide (5.2ml, 15.6mmol) 
under a nitrogen atmosphere at 0°C. The resulting solution was stirred for 45 mins at 
room temperature. To the solution were added 1,8-dichIoro-l 0-docecyloxyanthracene 
(4.11) (1.3255g, 3.1mmol), Ni(acac)2 (7.3mg, 0.028mmol )，and PPhs (24mg, 
0.017mmol). The reaction mixture was refluxed for 72h under a nitrogen atmosphere, 
cooled to room temperature and 50ml of saturated NH4CI aqueous solution was added. 
The organic layer was separated and the aqueous layer was further extracted with 50ml of 
dichloromethane. The organic layers were combined, dried with anhydrous NazSO*， 
concentrated under reduced pressure. To a solution of the crude intermediate in 50ml of 
THF was added 2M KOH aqueous solution (9.3ml, 18.6mmol) at room temperature. The 
resulting solution was stirred for overnight at room temperature, and then poured into 
100ml of saturated NH4CI aqueous solution. The organic layer was separated and the 
aqueous layer was further extracted with 100ml of CH2CI2. The organic layers were 
combined, dried with anhydrous Na2S04, concentrated under reduced pressure. Column 
chromatography (10% CH2CI2 in hexanes) yielded 1,8-diethynyl-lO-
dodecyloxyanthracene (4.12) (710mg, 56%) as yellow powder (decomposed at 110°C). 
'H-NMR (CDCI3) 5(ppm): 9.24(s，IH), 8.3l(d，J=9.0Hz, 2H), 7.78(d, J=6.9Hz, 2H), 
7.45(dd, Ji=8.7Hz, h=6.9Hz, 2H), 4.16(t，J=6.6Hz, 2H), 3.61(s, 2H), 2.02(m, 2H), 
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1.56(m, 2H), 1.36 (m, 24H), 0.85 (m,J=6.9Hz, 12H). 
C12H25O—<\ j ) <\ ^^0〇12日25 
V j ^ — — \ J ] Cyclic-bis(l,8-diethynyl-10-
dodecyloxy-anthracene) (4.13): To a solution of 1,8-diethynyl-lO-
dodecyloxyanthracene (760mg, l.Tmmol) in 50ml of pyridine and 4.4ml of CH3OH was 
added Cu(0Ac)2 (10.2g, 51mmol) and the resulting mixture was stirred at 55°C overnight. 
Then the reaction mixture was cooled to room temperature and 50ml of methanol was 
added into the solution. The mixture was filtered and the resulting solid was washed 
thoroughly with water, methanol and ether successively. Recrystallization from 1,2,4-
trichlorobenzene yielded cyclic-bis(l,8-diethynyl-10-dodecyloxy-anthracene) (4.13) as 
orange crystals (405mg, 68%) (mp: 246〜248。C). 'H-NMR (CDCI3) 6(ppm): 9.30(s，2H), 
8.36(d, J=8.7Hz, 4H)，7.90(d, J=6.9Hz, 4H)，7.51(dd，Ji=8.9Hz, J2=7.1Hz, 4H), 4.20(t, 
J=6.8Hz，4H), 2.06(m, 4H), 1.44(m，26H), 0.97(t, J=6.6Hz, 6H), and some pronton in the 
dodecyl chain overlapped with the proton on the water. '^C-NMR was not taken due to 
relatively low solubility of the product. HRMS (EI+): cald. for C6oH6402:816.4912, found 
816.4910. 
HisCeO O OCgHia 
r ^ r V S 
O l,8-Dihexyloxy-anthracene-9,10-dione (4.21) To a solution of 
1,8-dihydroxy-anthraquinone (4.639g, 19.3mmol) in 90ml oxygen free DMF was added 
CS2CO3 (15.908g, 115.1mmol) and 1-bromo-hexane (29ml, 206.6mmol) under N〗.The 
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reaction was stirred at 60°C overnight. Cooled to room temperature and IL water and 
500ml ether was added. The organic layer was separated, dried with Na2S04, removed 
the organic solvent. Column chromatography (CH2CI2) yielded 1,8-dihexyloxy-
anthracene-9，10-dione (4.21) as yellow crystals(7.274g, 92%) (mp: 91~94°C).^H-NMR 
(CDCI3) 5(ppm): 7.80(d, J=7.7Hz, 2H)，7.58(t, J=8.1Hz, 4H), 7.27(d, J=6.0Hz, 4H)， 
4.12(t,J=6.6Hz, 4H), 1.91(m，4H), 1.59(m，4H), 1.37(m, 8H), 0.92(t, J=6.9Hz, 6H). '^C-
NMR(CDCl3) 5(ppm): 184.3，182.2, 158.8, 134.8，133.4, 124.6, 119.4, 118.7, 69.8,31.5， 
29.0, 25.6，22.6，14.0. HRMS (MALDI-TOF): cald. for C26H32O4： 408.2295，found 
408.2284. 
H13C6O O OC6H13 
v v v 
Br O Br l,8-Dihexyloxy-4,5-dibromo-anthracene-9,10-dione (4.22) To 
a solution of 1,8-dihexyloxy-anthracene-9,10-dione (4.21) (5.9679g, 14.63mmol) and 
NaOAc (6.007g, 73.23mmol) in 40ml chloroform was added bromine (6ml，117mmol) at 
room temperature. The reaction was refluxed for 3 hours. Cooled to room temperature. 
The Na2S204 solution was used to quench the reaction and the organic layer was 
separated. After removing the solvent, the crude product was purified by a flash column 
chromatography on silica gel using CH2CI2 and yielded l，8-dihexyloxy-4，5-dibromo-
anthracene-9,10-dione (4.22) (8.076g, 80%) as organe yellow crystals (mp: 140~146°C). 
'H-NMR (CDCI3) 5(ppm): 7.73(d, J=9.0Hz, 2H), 7.01(d，J=9.3Hz，4H), 7.51(dd, 
Ji=8.8Hz, J2=7.0HZ, 4H), 4.20(t, J=6.5Hz, 4H), 1.86(01，4H)，1.53(m, 4H)，l.35(m, 8H), 
0.91(t,J=6.9Hz, 6H). '^C-NMRCCDCb) 5(ppm): 183.9，180.6, 156.8, 139.2，134.6, 126.1, 
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118.7, 109,9, 69.8, 31.4, 28.9，25.4, 22.5, 14.0. HRMS (EI+): cald. for C26H3。04Br2(EI+): 
566.0485, found: 566.0488. 
HisCeO OCeHis 
Br Br l,8-Dihexyloxy-4,5-dibromo-anthracene (4.23) To a suspended 
solution of l,8-dihexyloxy-4,5-dibromo-anthracene-9,10-dione (4.22) (1.648g, 2.8mmol) 
in 90ml MeOH was added NaBHj (550mg, 14.5mmol) in small portions at 0°C. The 
reaction was stirred at 0°C for 20mins. Then IL water was poured into the flask. The diol 
intermediate can get after filtration. To a solution of the diol intermediate in 50ml THF 
was added 2ml SnCb/HCl saturated solution. After removing the solvent, the crude 
product was purified by a flash column chromatography on silica gel using (33% CH2CI2 
in haxanes) and yielded l,8-dihexyloxy-4,5-dibromo-anthracene (4.23) as yellow crystals 
(972mg，62%) (mp: 143~149°C).'H-NMR (CDCI3) 6(ppm): 9.33(s，IH), 7.70(d, J=7.8Hz, 
2H), 6.6l(d, J=8.1Hz, 2H)’ 4.18(t, J=6.5Hz, 4H), 1.99(m，4H), 1.61(m, 4H)，1.42(m, 8H), 
0.97(t,J=3.5Hz, 6H). '^C-NMRCCDCb) 6(ppm): 155.02, 131.29, 129.86, 125.39, 117.70， 
112.99, 103.25, 68.36，31.64, 29.14，25.94, 22.66, 14.09. HRMS (MALDI-TOF): cald. 
for C26H32Br202:536.0744, found 536.0741. 
OCeHia OCeHig 
I I l,8-Dihexyloxy-4,5-diiodo-anthracene (4.24) To a solution of 1,8-
dihexyloxy-4,5-dibromo-anthracene (4.23) (1.41 Ig, 2.62mmol) in 30ml water and 
oxygen free ether and 30ml water and oxygen free THF was added 1.5M /-BuLi in 
pentane (7.9ml, 11.85mmol) under N2 at -78°C. The reaction was stirred under N2 at -
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78°C for 20mins and quenched with CH2I2. After removing the solvent, the crude product 
was purified by column chromatography on silica gel using (25% CH2CI2 in haxanes) and 
yielded l,8-dihexyloxy-4,5-diiodo-anthracene (4.24) as yellow crystals (908mg, 55%) 
(mp: 153~158°C). 'H-NMR (CDCI3) 5(ppm): 9.26(s, IH), 8.00(d, J=7.8Hz, 2H), 6.53(d, 
J=8.0Hz, 2H), 4.18(t，J=6.4Hz，4H), 1.99(m，4H), 1.63(m, 4H), 1.42(m, 8H), 0.97(t, 
J=7Hz, 6H). '^C-NMR(CDCl3) 6(ppm): 156.0, 137.5, 135.4, 133.8, 125.2, 117.9, 104.4， 




methylbutynyl)anthracene (4.25) To a mixture of 1,8-dihexyIoxy-4,5-diiodo-anthracene 
(4.24) (32g, 0.05mmol)，Cul (Img, O.OOSmmol) PPh3(lmg, 0.04mmol) and 
Pd(PPh3)2Cl2(lmg，O.OOlmmol) in 5ml of toluene and 12ml triethylamine, which was 
purged with nitrogen for 30 minutes, was added 2-methyl-3-butyn-2-ol (0.01ml, O.lmmol) 
via a syringe under a nitrogen atmosphere at room temperature. The resulting solution 
was stirred under a N2 atmosphere at room temperature overnight and concentrated under 
reduced pressure. Column chromatography on silica gel (10% of EtOAc in CH2CI2) 
yielded l,8-dihexyloxy-4,5-bis(3-hydroxy-3-methylbutynyl)anthracene (4.25) (20mg, 
O.OSmmol) as yellow powder (mp: 165〜169。C). 'H-NMR (CDCI3) 6(ppm): 9.29(s, IH)， 
9.23(s，IH), 7.57(d, J=8.0Hz, 2H), 6.57(d, J=7.6Hz, 2H), 4.20(t, J=6.4Hz, 4H)，3.41(s, 
61 
2H), 1.99(m, 4H), 1.73(s, 12H), 1.63(m’ 4H), 1.43 (m, 8H)，0.94(t, J=7.0Hz, 6H).'^C-
NMR(CDCl3) 6(ppm): 155.7, 132.5，130.8，124.2, 123.1, 116.8, 112.2, 97.7, 80.4, 68.2, 
66.0, 31.7, 31.6, 29.2, 25.9, 22.6, 14.1. HRMS (MALDI-TOF): cald. for C36H46O4： 
542.3391, found 542.3400. 
H 13^60 CpCeHia 
H H l,8-Dihexyloxy-4,5-diethynyIanthracene (4.26) To a solution of 
l,8-dihexyloxy-4,5-bis(3-hydroxy-3-methylbutynyl)anthracene (4.25) (20mg, 0.03mmol) 
in 5ml toluene was added KOH(8.4mg, O.lSmmol) under N2. The reaction was refluxed 
for 20 minutes. Cooled down to room temperature and removed the organic solvent. The 
crude product was purified by flash column chromatography on silica gel using (200% 
CH2CI2 in haxanes) and yielded l,8-dihexyloxy-4,5-diethynylanthracene (4.26) (12mg, 
930/0) as yellow crystals (mp: decomposed above 205°C). 'H-NMR (CDCI3) 6(ppm): 
9.32(s, IH)，9.27(s, IH), 7.7 l(d, J=8.0Hz, 2H), 6.68(d，J=7.6Hz, 2H), 4.2 l(t, J=6.4Hz, 
4H), 1.99 (m，4H), 1.73(s, 12H), 1.63(m，4H), 1.43 (m, 8H), 0.94 (t, J=7.0Hz, 6H).'^C-
NMR(CDCl3) 6(ppm): 156.2, 132.7, 132.6，124,1, 122.9, 117.1，111.7, 102.2，82.1, 80.6, 
68.3，31.6, 29.1, 25.9, 22.6，14.1. HRMS (MALDI-TOF): cald. for C36H34O2： 426.2564, 
found 426.2553. 
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anthracene) (4.27) To a solution of l，8-dihexyloxy-4,5-diethynylanthracene (4.26) 
(310mg, 0.57mmol) in 15ml of pyridine and 1ml of CH3OH was added Cu(0Ac)2 (3.4g, 
60mmol) and the resulting mixture was stirred at 55°C overnight. Then the reaction 
mixture was cooled to room temperature and 100ml methanol was added into the solution. 
The mixture was filtered and the resulting solid was washed thoroughly with water, 
methanol and ether successively. Recrystallization from /7-xylene yielded cyclic-bis(l,8-
dihexyloxy-4,5-diethynyl-anthracene) as orange crystals (405mg, 68%) (mp: 300~303°C 
from DSC) . 'H-NMR (CDCI3) 5(ppm): 9.38(s, 2H), 9.35(s, 2H), 7.78(d, J=8.0Hz, 4H), 
6.74(d, J=7.6Hz, 4H), 4.26(t, J=6.0Hz, 8H), 2.02(m, 8H), 1.64(m, 8H), 1.44 (m, 8H), 
0.95.t，J=7.0Hz，12H). (Signals for 16H were overlapped with that of water and thus are 
not shown. ) '^C-NMR was not taken due to relatively low solubility of the product.. 
HRMS (MALDI-TOF): cald. for C6oH6404:848.4799，found 848.4785 
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13c NMR of 1,8-dichloro-10-hexyloxyanthracene(3.32) 
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NMR of 1,8-diethynylanthracene (3.21) 
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'^C NMR of l，8-diethynylanthracene (3.21) 
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'H NMR of 10-hexyloxy-1,8-anthracenediyldiethynylene-bis(trimethylsilane) (3.22a) 
72 
ASTH SAHPir*'‘ 
nxpl »2uu1 _ 
sAHPir Dfc. A Vt S 巧？？芒 - - ；ri^ SSS % Jan J1 2005 dn HI S 〜，v « »： « ：^ ^： ^ • • „ • • • • crtcu dor -soo i 2 2 S"" - - - Z 。 cxp It« nnv 1 I ' I I I _ • • ' 1 ！ 
100.57? d_f i;>00 丨 丨 ；I i : 
I" CJJ dpwr 10 I i t ！1 i 2-SOO PROCISSI NO I , ' ！I np MIIBJ )b 3.50 *w 2H16.3 In 13107? 't> 17000 adth 1 IH 4 pw 3.0 wen t'w 3.0 wtxfi tpwf i? wis rtl 1.000 wnt j 0 OJSPIAY "t 20000 -SSOS A ct 2120 wp 79990.3 , rt 'Oth II vs 1715 firt'n 60 sc 0 HAOS wc 250 »» n h^mn H) .91 »•» n It 12222.45 fP V rf \ 1324J.4 "“；.V "" l TMS TMS •MS 1.000 AI ph II II 
0CfiH]3 
I 
i i ii ‘ ‘ I j 丨  
•,i_-“—• • < " ..J.—^一. ‘ i 一 J , / . , . , 、 , . ‘ . , 、 . I 
‘ , . . . 「 , 『 ， ” ’ . . , • . • .1 . , VT-J , I r’,i . i , I , ’ 1 ” - . I "•"..I. ..,,-”.，,,, 
zoo 180 1 60 1-10 1 20 1 0 0 80 6 D <10 20 0 -20 ppm 
13c NMR of 10-hexyloxy-1,8-anthracenediyldiethynylene-bis(trimethylsilane) (3.22a) 
1. B - d i a c e t y lene- lO-hexy ]oxy-an l l inacene 
r ^ rt Kj " r^  T iSr 4 n r； IJ； -- S cd o o us id if) n n O) OJ o it n ir aj cii f^  I-.' PS f^  r. f-- V V r、 t\j tv i\j ci d o o , 
I 誓 • I 炒 ” CT 
• IS«1 « PM4M U 
U I 
KjW « »>K«Xt 供 
H H ‘《»«• ” ~-― 
t I i I «i JSlrt" 
VII m I • ‘ ‘ . t»«MtN ft iTH T X» IBKH 亀、 
r f V ^ Y l f 
A。, , "» 二 w OCfiHia ：;, 二 •二 • 4 -tM M •： 
M«v> t <»•!' M»/(* 仲 M HW «/!• 
！ 
LJJL 1 . A a)U [ > ,. 
\ ； \ ; w r w \ /' I 
§ p i 11 i i ¥ i i i i 
pri .".TtM - : J , : T，”.i ，1.TT rT-» ，”•»"!’ T-j r-TM i-r^ r-r y rr-rt-i t T vf |-t-r-r-r-»-r-fT>» y i rx -^i—» i-rr ,-，-， j-rrt-r t^-r • i !.’•，_ ri rr-rrr | i t ft " 
3Dr u 0 7 B li '1 3 ；^  J 0 
NMR of 1,8-diethynyl-10-hexyloxyanthracene (3.22) 
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13c NMR of 1,8-dihexyloxy-anthracene-9,10-dione (4.21) 
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1 3 c NMR o f l,8-dihexyloxy-4,5-dibromo-anthracene-9 J 0-dione ( 4 . 2 2 ) 
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NMR ofl,8-dihexyloxy-4,5-dibromo-anthracene (4.23) 
080402-1,8-dihexyloxy-4,5-dibromoanthracene 
1 1 y i • 结 n b S ^ R 
i \li II: VI \lll I Curr«nt Dntn P«ramet«ra NMIE 2-qmi«o-04032008 
EXPNO 1 PROCNO 1 
ri - Acquisition Pat«.T«t*ra Date 20080403 Tiwo 12.11 1N8TRUN spwct PROBKO i rem PADUL 13C 
HnCgO OC6HI3 r " 咖 u 监 
I SOLVENT CDC13 ^ ^ NS 1000 
I BWH 2mi.904 H2 rxDRES 0.227065 Hz V ^ AO 2.2020595 B«o 
^ S ^ I RC 203 I I I DW 16.800 UBOC f-v i-i DE €. SO uil«o 
B r B r I TE 296.1 K I D1 I.00000000 sec dll 0.03000000 fiflo 
I ; TDO 1 
CHANNEL fI NUCl UC 
n 9.80 usee PL I -0.60 clD SFOl 100.0208100 HMa 
. . . . . . . CHANNEL f2 
CPDPR02 W(iUzl6 NUC2 IH ； PCPD2 90.00 iin«c ( . PL12 lb.92 dD PL2 0.00 riD 0FO2 400.1J20007 MM3 
• r2 - Pi'OCftBfl in<] pArAnw»t«»VB 1 SI 131072 SF 100.6157721 HKl ； I • WDW EH 
I I . .•一 t L , _ . • • _ SSB 0 
• • I ' ^ Hi^ mIi •、 •作, i II I_I ^ 3.00 Ha 
OB 0 
PC 1.40 
— “ ， - ， ~ , 1 - ~ I • I ‘ ^ ~ — 
200 180 160 140 120 100 80 60 40 20 0 ppm 
13c NMR ofl,8-dihexyloxy-4，5-dibromo-anthracene (4.23) 
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13c NMR of l，8-dihexyloxy-4’5-diiodo-anthracene (4.24) 
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'H NMR of l,8-dihexyloxy-4,5-bis(3-hydroxy-3-methylbutynyl)anthracene (4.25) 
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【H NMR of cyclic-bis(l,8-diethynyl-4,5-dihexyloxy-anthracene) (4.27) 
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